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(54) Clamshell heat exchanger for a furnace or unit heater 



(57) A clamshell heat exchanger (1 0) is provided for 
use in a heating apparatus including a burner for pro- 
ducing hot combustion gas. The heat exchanger (10) 
defines a multi-pass flow passage (11) for the combus- 
tion gas and includes a first plate member (30) and a 
second plate member (32). The first plate member (30) 
has a first series of parallel ridges (36) and valleys (38a- 
b), with at least one of the valleys (38a) being deeper 
than other of the valleys (38b). The second plate mem- 
ber (32) faces the first plate member (30) and includes 
a second series of ridges (36) and valleys (38a-b) that 
are parallel to the first series of ridges (36) and valleys 
(38a-b) p with at least one of the valleys (38a) of the sec- 



ond series being deeper than other of the valleys (38b) 
of the second series. A first pass (14, 16) of the multi- 
pass flow passage (1 1) is defined by a number N1 of the 
ridges (36) and valleys (38a-b) of the first and second 
series. A second pass (16, 18) of the multi-pass flow 
passage (11) is defined by a number N2 of the ridges 
(36) and valleys (38a-b) of the first and second series. 
The at least one deeper valley (38a) of the first series 
cooperates with the at least one deeper valley (38a) of 
the second series to separate the second pass (16, 18) 
from the first pass (1 4, 1 6). 
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Description 

Field of the Invention 

[0001] This invention relates to heat exchangers, and s 
more particularly, to clamshell heat exchangers for use 
in heating apparatuses such as gas fired, hot air fur- 
naces or unit heaters. 

Background of the Invention 

[0002] It is known to construct the heat exchangers for 
gas fired, hot air furnaces from a pair of metal plates or 
sheets secured in face to face relationship to form a 
multi-pass flow passage for the hot combustion gas of 
the furnace. This type of heat exchanger is commonly 
referred to as a multi-pass clamshell heat exchanger. 
Typically, the multi-pass flow passage includes an inlet 
section an outlet section, and one or more passes con- 
necting the inlet and outlet sections. The inlet section 
receives hot combustion gases from a burner, such as 
an inshot burner, and provides a combustion zone for 
the gases. The outlet section communicates with an 
induction draft blower or power vent which serves to 
draw the hot combustion gases through the multi-pass 
flow passage of the heat exchanger. As the combustion 
gas flows through the heat exchanger, it cools and 
becomes more dense. To maintain high gas velocity, it is 
known to decrease the flow area of the heat exchanger 
from pass to pass. It is common for a gas fired furnace 
to include a plurality of such clamshell heat exchangers, 
spaced apart in a parallel array to define air flow paths 
so that heat may be transferred from the hot combustion 
gas through the plates of the heat exchangers to the air 
flowing through the furnace. Examples of such clam- 
shell heat exchangers are shown in U.S. Pat. No. 
5,359,989 issued November 1, 1994 to Chase et al., 
and U.S. Pat. No. 4,467,780 issued August 28, 1984 to 
Ripka, the complete disclosures of which are incorpo- 
rated herein by reference. 

[0003] One problem commonly found in known clam- 
shell heat exchangers are the relatively sharp angle 
bends that result from the formation of the hot gas com- 
bustion flow passage in the sheet metal. For example, 
the clamshell heat exchanger (12) in the 5,359,989 pat- 
ent requires four relatively sharp angle bends for each 
passage (24a, 25a-c, 26a-c, and 27a-c). Such sharp 
angle bends produce localized material stretching that 
can reduce or damage anti-corrosion coatings on the 
surface of the material, thereby increasing the likelihood 
of premature corrosion failure. 

[0004] Further, while many known clamshell heat 
exchangers perform satisfactorily, there is a continuing 
desire to produce more compact and efficient furnaces 
by decreasing the size of the heat exchangers and/or 
increasing the heat exchanger's performance charac- 
teristics. 



Summary of the Invention 

[0005] It is the principal object of the invention to pro- 
vide a new and improved heat exchanger, and more 
specifically to provide a relatively compact heat 
exchanger for use in heating apparatuses, such as gas 
fired, hot air furnaces or unit heaters, that provides 
improved heat transfer capabilities and/or decreases 
the likelihood of premature corrosion failure. 
[0006] According to one facet of the invention, a clam- 
shell heat exchanger is provided for use in a heating 
apparatus including a burner for producing hot combus- 
tion gas. The heat exchanger receives combustion gas 
from the burner and rejects heat from the combustion 
gas to air flowing through the furnace. The heat 
exchanger defines a multi-pass flow passage for the 
combustion gas and includes a first plate member and a 
second plate member. The first plate member has a first 
series of parallel ridges and valleys, with at least one of 
the valleys being deeper than other of the valleys. The 
second plate member faces the first plate member and 
includes a second series of ridges and valleys that are 
parallel to the first series of ridges and valleys, with at 
least one of the valleys of the second series being 
deeper than other of the valleys of the second series. A 
first pass of the multi-pass flow passage is defined by a 
number N1 of the ridges and valleys of the first and sec- 
ond series. A second pass of the multi-pass flow pas- 
sage is defined by a number N2 of the ridges and 
valleys of the first and second series. The numbers N1 
and N2 are different integers. The at least one deeper 
valley of the first series cooperates with the at least one 
deeper valley of the second series to separate the sec- 
ond pass from the first pass. 

[0007] In one form, the number N2 is less than the 
number N1. 

[0008] According to one facet of the invention, the 
clamshell heat exchanger includes a first plate member 
having a first wall section that is non-parallel to the 
plane of the heat exchanger, and a second plate mem- 
ber having a second wall section that is parallel to the 
first wall section and abutting the first wall section over a 
common length. A first pass of a multi-pass flow pas- 
sage is defined by the first and second plates, and a 
second pass of the multi-pass flow passage is defined 
by the first and second plates. The second pass is par- 
allel to the first pass and separated from the first pass 
by the first and second abutting wall sections. 
[0009] According to one facet of the invention, the 
heat exchanger includes a first pass having a generally 
sinusoidal-shaped cross-sectional flow area, and a sec- 
ond pass downstream from the first pass and having a 
second generally sinusoidal-shaped cross-sectional 
flow area. The second flow area is less than the first flow 
area. 

[001 0] According to another facet of the invention, the 
heat exchanger includes a first planar metallic plate and 
a second planar metallic plate. The first planar metallic 
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plate has at least two sections of parallel ridges dis- 
placed to one side of the plane of the first plate, valleys 
between the ridges, and a valley separating the sections 
and extending to the other side of the plane of the first 
plate. The second plate has at least two sections of par- 
allel ridges displaced to the side of the second plate 
remote from the other side of the first plate, valleys 
between the ridges in the second plate, and a valley 
separating the sections on the second plate and extend- 
ing to the side of the plane of the second plate opposite 
the remote side to at least nominally seal along its 
length with the valley separating the sections of the first 
plate. The ridges in the two plates are oppositely 
directed and generally parallel to each other to form 
pairs of the sections. The valleys of the second plate are 
nominally aligned with the ridges on the first plate. The 
heat exchanger further includes a combustion gas inlet 
to one pair of the sections, a combustion gas outlet from 
another pair of the sections, and a conduit formed at the 
interface of the plates and interconnecting the one pair 
of sections to said another pair of sections. 
[001 1 ] Other objects and advantages of the invention 
will become apparent from the following specification 
taken in conjunction with the accompanying drawings. 

Brief Description of the Drawings 

[0012] 

Fig. 1 is a perspective view of a clamshell heat 
exchanger embodying the present invention shown 
in combination with schematic representations of a 
gas inshot burner and power vent for use in a heat- 
ing apparatus; 

Fig. 2 is a perspective view of the opposite side of 
the heat exchanger shown in Fig. 1 ; 
Fig. 3 is a cross-sectional view taken along line 3-3 
in Fig. 1 ; 

Fig. 4 is a view similar to Fig. 3, but showing an 
alternate embodiment of the heat exchanger; and 
Fig. 5 is a schematic view of a plurality of heat 
exchangers embodying the present invention 
arranged in a parallel array in a heating apparatus. 

Detailed Description of the Preferred Embodiments 

[0013] Exemplary embodiments to the heat 

exchanger made according to the invention are illus- 
trated in the drawings and described herein in connec- 
tion with a heat transfer function for the hot combustion 
gas of a heating apparatus such as a hot air furnace or 
a unit heater. However, it should be understood that the 
invention may find utility in other applications and that 
no limitation to use in a gas fired, hot air furnace or unit 
heater is intended, except as stated in the claims. 
[0014] As seen in Figs. 1 and 2, the heat exchanger 
10 includes a four pass multi-pass flow passage 1 1 hav- 
ing a J-shaped first pass or combustion gas inlet section 



12, a second pass section 14, a third pass section 16, a 
fourth pass or combustion gas outlet section 18, a first 
conduit section 20 interconnecting the second and third 
sections 14 and 16, and a second conduit section 22 

5 interconnecting the third section 16 and outlet section 
18. As is common in gas fired furnaces, the flow pas- 
sage 1 1 receives hot combustion gas from an inshot 
burner 24, and the hot combustion gas is drawn through 
the passage 11 by an induction draft blower or power 

w vent 26. 

[0015] As best seen in Fig. 3, the heat exchanger 10 
is formed from first and second plates 30 and 32 
deformed from respective planes to define the flow pas- 
sage 1 1 . Preferably, the plates 30 and 32 are formed 

15 from a suitable sheet metal and are joined at the periph- 
ery by a folded crimp 34. Each plate 30 and 32 includes 
a series of parallel ridges 36 and valleys 38a and 38b 
that define the passage sections 14, 16 and 18. The val- 
leys 38a in each of the plates 30, 32 are deeper than the 

20 valleys 38b and cooperate with the valleys 38a of the 
other plate 30 and 32 to separate the second section 14 
from the third section 16 and the third section 16 from 
the outlet section 18. More specifically, each of the val- 
leys 38a includes a wall section 40 that is non-parallel to 

25 the plane of the heat exchanger and that abuts a parallel 
wall section 40 of a corresponding valley 38a over a 
common length to separate the passage sections 14, 16 
and 1 8. Preferably, each of the abutting wall sections 40 
have a width W that is sufficient for the valleys 38a to be 

30 at least nominally sealed along the common length of 
the abutting wall sections 40. 

[001 6] The inlet section 1 2 is separated from the sec- 
ond section 14 by wall sections 42 and 44 provided on 
the first and second plates 30 and 32, respectively. The 

35 wall sections 42 and 44 are parallel with and lie in the 
plane of their respective plates 30 and 32. Preferably, 
the wall sections 42 and 44 are at least nominally 
sealed over their common length. 
[0017] It should be appreciated that there must be a 

40 transition between the wall sections 40, which are non- 
parallel to the plane of the heat exchanger 10, and the 
periphery 45 of the plates 30, 32 which is parallel to the 
plane of the heat exchanger. As best seen in Figs. 1 and 
2, these transitions occur in a zone 46 between the sec- 

45 ond section 14 and the third section 16, and in a zone 
47 between the third section 1 6 and the gas outlet sec- 
tion 18, as best seen in Fig. 2. Thus, the shape of each 
plate 30 and 32 extends parallel to the plane of the heat 
exchanger 10 into each of the transition zones 46 and 

so 47 and changes gradually to the angle of the nonplanar 
wall section 40 between the periphery 45 and the begin- 
ning of each of the passage sections 14, 16. In this 
manner, the largest possible seal is maintained through- 
out each of the transition zones 46 and 47. 

55 [0018] In a highly preferred embodiment, the wall sec- 
tions 40 and the wall sections 42 and 44 are joined 
together with clinch holes or buttons, or staked together 
with a TOX® joint using tooling provided by Pressotech- 



3 



5 



EP 0 908 686 A2 



6 



nik, Inc., 730 Racquet Club Drive, Addison, Illinois 
60101. 

[0019] As seen in Fig. 3, the second section 14 has a 
sinusoidal-shaped flow area 50 defined by two of the 
ridges 36, two of the valleys 38b and one of the valleys s 
38a in the first plate 30 and two of the ridges 36 and two 
of the valleys 38b in the second plate 32. The third sec- 
tion 16 has a sinusoidal-shaped flow area 52 defined by 
two of the ridges 36 and one of the valleys 38b in the 
first plate 30 and one of the ridges 36 and two of the val- 
leys 38a in the second plate 32. The outlet section 18 
has a sinusoidal -shaped flow area 54 defined by one of 
the ridges 36, one of the valleys 38a and one of the val- 
leys 38b of the first plate 30 and one of the ridges 36 
and one of the valleys 38b of the second plate 32. Thus, 
the second section 1 4 is defined by nine of the ridges 36 
and valleys 38a-b; the third section 16 is defined by six 
of the ridges 36 and valleys 38a-b; and the outlet sec- 
tion 18 is defined by five of the ridges 36 and valleys 
38a-b. Accordingly, the flow area 50 of the second sec- 
tion 14 is greater than the flow area 52 of the third sec- 
tion 16, and the flow area 52 of the third section 16 is 
greater than the flow area 54 of the outlet section 1 8. 
[0020] Fig. 4 shows another embodiment of the heat 
exchanger 10 that is identical to the embodiment shown 
in Fig. 3, with the exception that each of the plates 30 
and 32 has an additional valley 38a that replaces the 
wall sections 42 and 44, a valley 38b in the plate 30 and 
a valley 38b in the plate 32. This allows the embodiment 
in Fig. 4 to have a shorter length L than the embodiment 
in Fig. 3. 

[0021] As best seen in Fig. 5, a plurality of the heat 
exchangers 10 can be arranged in a parallel array in a 
furnace or unit heater 50 to define a plurality of continu- 
ous, sinusoidal flow paths 52 for the air flowing through 
the furnace across the exterior of the heat exchangers 
10. It should be understood that the heat exchangers 10 
may be installed in the furnace or unit heater 50 so that 
air flows through the flow paths 52 in either the direction 
shown by arrows A or the direction shown by arrows B. 
Further, it should be appreciated that the heat exchang- 
ers 10 may be arranged in the furnace or unit heater 50 
with the planes of the heat exchangers 10 extending 
vertically and the air flow moving vertically in the flow 
paths 52, or with the planes of the heat exchangers 10 
extending horizontally and the air flow moving horizon- 
tally in the flow paths 52. 

[0022] In operation, hot combustion gas is directed 
into the inlet section 12 by the inshot burner 24 and con- 
tinues to combust as it passes through the inlet section 
12. The power vent 26 provides an induction draft which 
induces the hot combustion gases from the burner 24 to 
flow through the passage sections 12, 14, 16 and 18. 
The stepwise area reduction of the flow areas 50, 52 
and 54 maintains a high gas velocity for the combustion 
gases as they flow through the passage 1 1 . 
[0023] It should be appreciated that the gentle sinusoi- 
dal shape of the plates 30 and 32 minimizes the number 



of sharp angles in the heat exchanger 10, thereby 
reducing the likelihood of premature corrosion failure 
resulting from damage to anticorrosion coatings on the 
surface of the plates 30 and 32 during forming opera- 
tions. 

[0024] It should also be appreciated that the sinusoi- 
dal shape of the flow areas 50, 52 and 54 allows for an 
increased heat transfer surface area per unit volume 
while providing a relatively small hydraulic diameter and 
a relatively large wetted perimeter, thereby increasing 
heat transfer performance. Further, the passage shapes 
induce turbulence in the air flowing about the exterior of 
the heat exchanger. 

[0025] It should further be appreciated that by sepa- 
rating the passage sections 12, 14, 16 and 18 with wall 
sections 40 that are non-parallel to the plane of the 
plates 30 and 32, the overall length L of the heat 
exchangers 10 can be reduced while still providing a 
width of contact area W between the sections that is 
adequate to at least nominally seal adjacent sections 
and to allow for an adequate structural connection. 
[0026] It should also be appreciated that the peaks 36 
and valleys 38a-b stiffen the plates 30 and 32 along the 
length of each of the passage sections 14, 16 and 18, 
thereby reducing undesirable deformation of the pas- 
sage sections 14, 16 and 18 resulting from thermal 
induced stresses. 

Claims 

1 . In a heating apparatus including a burner for pro- 
ducing hot combustion gas and a clamshell heat 
exchanger receiving combustion gas from said 
burner for rejecting heat from the combustion gas to 
air flowing through the furnace, said heat 
exchanger defining a multi-pass flow passage for 
the combustion gas; the improvement wherein said 
heat exchanger comprises: 

a first plate member having a first series of par- 
allel ridges and valleys, at least one of the val- 
leys being deeper than other of the valleys, 
a second plate member facing the first plate 
member, the second plate member having a 
second series of ridges and valleys that are 
parallel to the first series of ridges and valleys, 
at least one of the valleys of the second series 
being deeper than other of the valleys of the 
second series; 

a first pass of said multi-pass flow passage 
defined by a number N1 of said ridges and val- 
leys of said first and second series; and 
a second pass of said multi-pass flow passage 
defined by a number N2 of said ridges and val- 
leys of said first and second series, said at 
least one deeper valley of the first series coop- 
erating with said at least one deeper valley of 
the second series to separate the second pass 
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from said first pass. 

2. The improvement of claim 1 wherein N2 is less than 
N1. 

5 

3. In a heating apparatus including a burner for pro- 
ducing hot combustion gas and a generally planar, 
clamshell heat exchanger receiving combustion 
gas from said burner for rejecting heat from the 
combustion gas to air flowing through the furnace, 10 
said heat exchanger defining a multi-pass flow pas- 
sage for the combustion gas; the improvement 
wherein said heat exchanger comprises: 

a first plate member having a first wall section 15 
that is non-parallel to the plane of the heat 
exchanger; 

a second plate member having a second wall 
section that is parallel to said first wall section 
and abutting said first wall section over a com- 20 
mon length; 

a first pass of said multi-pass flow passage 
defined by said first and second plates; and 
a second pass of said multi-pass flow passage 
defined by said first and second plates, the 25 
second pass being parallel to the first pass, the 
second pass separated from said first pass by 
said first and second abutting wall sections. 

4. The improvement of claim 3 wherein said first pass 30 
has a flow area that is greater than the flow area of 
said second pass. 



a second metallic plate abutting said first plate 
and having at least two sections of parallel 
ridges displaced to the side of the second plate 
remote from said other side of the first plate, 
valleys between said ridges in said second 
plate, and a valley on said second plate sepa- 
rating said sections on said second plate and 
extending to the side of the plane of said sec- 
ond plate opposite said remote side and at 
least nominally sealed along its length with the 
valley separating the sections on said first 
plate; 

the ridges on the two plates being oppositely 
directed and generally parallel to each other to 
form pairs of said sections; 
the valleys between the ridges on said second 
plate being nominally aligned with the ridges 
on said first plate; 

a combustion gas inlet to one pair of said sec- 
tions; 

a combustion gas outlet from another pair of 
said sections; and 

a conduit formed at the interface of said plates 
interconnecting said one pair of said sections 
to said another pair of said sections. 

7. The heat exchanger of claim 6 wherein said one 
pair of said sections defines a flow area that is 
greater than a flow area defined by said another 
pair of said sections. 



5. In a heating apparatus including a burner for pro- 
ducing hot combustion gas and a clamshell heat 35 
exchanger for rejecting heat from the combustion 
gas to air flowing through the furnace, said heat 
exchanger defining a multi-pass flow passage for 
the combustion gas, said flow passage having flow 
areas that decrease in the direction of combustion 40 
gas flow; the improvement wherein said flow pas- 
sage comprises: 



a first pass having a first generally sinusoidal 
shaped flow area, and 45 
a second pass downstream from the first pass 
and having a second generally sinusoidal 
shaped flow area, said second flow area being 
less than said first flow area. 

50 

6. A heat exchanger, comprising: 



a first metallic plate having at least two sections 
of parallel ridges displaced to one side of the 
plane of the first plate, valleys between the 55 
ridges and a valley separating said sections 
and extending to the other side of said plane of 
the first plate; 
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